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Uninduced adipose-derived stem cells repair the defect
of full-thickness hyaline cartilage
ZHANG Hai-ning*, LI Lei, LENG Ping, WANG Ying-zhen	
 and LÜ Cheng-yu
Objective: To testify the effect of the stem cells derived
from the widely distributed fat tissue on repairing full-thick-
ness hyaline cartilage defects.
Methods: Adipose-derived stem cells (ADSCs) were
derived from adipose tissue and cultured in vitro. Twenty-
seven New Zealand white rabbits were divided into three
groups randomly. The cultured ADSCs mixed with calcium
alginate gel were used to fill the full-thickness hyaline carti-
lage defects created at the patellafemoral joint, and the de-
fects repaired with gel or without treatment served as con-
trol groups. After 4, 8 and 12 weeks, the reconstructed tis-
sue was evaluated macroscopicallyand microscopically. His-
tological analysis and qualitative scoring were also per-
formed to detect the outcome.
Results: Full thickness hyaline cartilage defects were
repaired completely with ADSCs-derived tissue. The result
was better in ADSCs group than the control ones. The mi-
crostructure of reconstructed tissue with ADSCs was simi-
lar to that of hyaline cartilage and contained more cells and
regular matrix fibers, being better than other groups. Plenty
of collagen fibers around cells could be seen under trans-
mission electron microscopy. Statistical analysis revealed a
significant difference in comparison with other groups at
each time point (t=4.360, P<0.01).
Conclusion: These results indicate that stem cells de-
rived from mature adipose without induction possess the
ability to repair cartilage defects
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Damagetoarticular cartilage, whether from acuteinjury or from slowly progressive osteoarthritis,is painful, functionally disable, and costly to
treatment. Cartilage defects represent a great opportu-
nity for tissue engineering treatment strategies because
the tissue has a limited capacity for self-repair and cur-
rent treatment optionsare inadequate.Adipose derived-
stem cells (ADSCs), which is also known as human
liposuction aspirates cells (HLA cells), are first isolated
from human liposuction aspirates and proved that they
possess at least a tri-lineage potential to differentiate
into fat, bone, and cartilage.1,2Recently, they were also
used to induce myocytes, cadiocytes and neurocytes.3
But whether uninduced ADSCs can be used to treat
the injury of full-thicknesshyaline cartilage isstill needed
testifying. This experiment was designed to verify the
possible differentiation of this potential stem cell in vivo.
METHODS
ADSCs isolation and culture in vitro
One NewZealand white rabbit was sacrificed, about
10 ml adipose tissue was harvested from the iliac fossa
and cut into pieces. The cells were released from the
adipose by digestion with 0.2% type I collagenase at
37°C for 30 minutes. After neutralization of the collage-
nase with 10% fetal bovine serum, the solution was
centrifuged at 1000 r/min for 10 minutes. About 5 ml of
160 mmol/L NH4Cl was added to the supernatant to
hemolyse erythrocytes for 10 minutes, then the solu-
tion was filtered, resuspended in the medium, passed
through a nylon filter (70 µm), washed twice with the
same medium, seeded at a density of 1×106 cells in 35
mm diameter plastic culture dishes, and cultured in a
monolayer at 37°C in a humidified atmosphere with 5%
CO2 for 16 hours. When they had proliferated to cover
approximately 90% of the plate, the cells were then
.  .Chinese Journal of Traumatology 2009; 12(2):92-97
trypsinized, counted, and replated in a density of 2×105
cells per 35 mm dish for further culture. To amplify cell
numbers, densed cell plaques were trypsinized and
replated until they formed confluent monolayer. Cells
in second generation were used to induce osteoblast
lineage with DMEM containing 10% FBS, 0.1 µmol/L
metasolon , 50 µmol/L vitamin C, 10 mmol/L-so-
dium glycerophosphate, 100 units/ml penicillin G, 100
mg/ml streptomycin , 0.25 mg/ml amphotericin B for 1
week.
The status of ADSCs was observed and cells in the
second generation were stained with oil red O. The
ADSCs used to induce osteoblast lineage were tested
with von Kossa stainning to find the mineralized nodes.
Repair of the full-thickness hyaline cartilage de-
fect with ADSCs
Twenty-seven healthy NewZealand white rabbits of
6-months old were divided into three groups randomly,
each having nine rabbits. The animals were then anes-
thetized with 10% chloral hydrate and bilateral medial
parapatellar incisions were made to expose the medial
femoral condyles. A 4 mm×2.5 mm-deep full-thickness
articular surface defect was made in the center of
patellofemoral joint surfacewithasmall impact machine.
In Group A, the ADSCs-calcium alginate gel, sodium
alginate solution and 102 mmol/L calcium chloride were
simultaneously injected into the defects. The final con-
centration of ADSCs was more than 2.0×106 cells/ml. Af-
ter 10minutes of polymerization, the incision was closed
and bandaged. In Group B, the defects received the
calcium alginate gel without cells, and in Group C, the
defects did not receive any treatment.
Thekneeswerenot immobilized postoperatively and
the animals were allowed free cage activity. Four, eight
and twelve weeks after operation, the animals were
checked clinically and then euthanized by overdose of
pentobarbital intramuscularly and the knees were ex-
amined grossly for signs of infection, osteoarthritic
changes and the results of regeneration.
Histological analysis and electron microscopic ob-
servation
Animals were euthanized at 4, 8 and 12 weeks and
their condyles were dissected. The samples were fixed
in 4% paraformaldehyde for 12 hours and embedded in
paraffin. Sagittal 4.5µm sections of the samples were cut
andstainedwithhematoxylinandeosinand toluidineblue.
The repaired tissue at 12 weeks were fixed in 2%
glutaric dealdehyde solution containing 0.1 mol sodium
cacodylatebuffer (pH 7.4) for 4hours andwerepostfixed
in 1% osmium tetroxide for 2 hours. Then the samples
were embedded in Epon 812. Transmission electron
microscope was used to observe the cells and matrixes.
Statistical analysis
The specimens and sections were scored accord-
ing to modified Wakitani grading scale by blind method
(Table 1). The ultimate data was analyzed by multiple-
factor analysis of variance with statistic software SPSS
11.5. Dunnett t test was applied when intergroup differ-
ences were analyzed. P values less than 0.01 were
considered significant.
Table 1. Modified Wakitani grading scale
Index Histology Score
Hyaline-like cartilage Hyaline-like cartilage
Mostly hyaline-like cartilage
Mostly fibrocartilage
Mostly noncartilage
Non-cartilage
0
1
2
3
4
Matrix staining Normal
Slightly reduced
Markedly reduced
No metachromatic stain
0
1
2
3
Surface regularity* Smooth (>3/4)
Over moderate (1/2-3/4)
Below moderate (1/4-1/2)
Severely irregular (>1/4)
0
1
2
3
Thickness of
cartilage**
>2/3
1/3-2/3
<1/3
0
1
2
Integration of donor
with host adjacent car-
tilage
Bilateral integration
Unilateral integration
Non-integration
   0
   1
   2
Total score 14
* Total smooth area of the reparative cartilage compared with
the entire area of the cartilage defect.
** Average thickness of the reparative cartilage compared with
that of the surrounding cartilage.
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RESULTS
Phenotype of ADSCs
The seeded cells adhered to the plate after 24 hours
inalong-fusiform, triangleorpolygonalmorphology(Fig.1A).
After 5-7 days, 70% to 80% of them proceeded to
confluence. The adhered cells could not be stained with
oil red O and hematoxylin, indicating that there was no
lipid in cytoplasm and the cell had no relationship with
adipocyte lineage (Fig. 1B). By von Kossa stainning,
the ADSCs could be found black mineralized nodes
with Ag+ deposition, which means that the cells have a
potential capacity of osteoblast lineage differentiation
(Fig. 1C).
Macroscopic results
No infection occurred after surgery and all incisions
healed well. Animals could walk with weight loading
after 4-5 days. No signs of osteoarthritis, such as
osteophytes, erosion of carti lage, or synov ial
proliferation, were observed in any of the knees at any
sampling time
InADSCs group, the cartilage defects were repaired
with ADSCs and calcium alginate gel. At the 4th week,
the appearance of the repair tissue was white, smooth
and semitransparent. The defects were filled completely
with shiny, white rough tissue at the 8th week. Till the
end of observation, the reparative tissue had similar
texture andquality with normal articular cartilage, whose
surface was smooth and integrated with normal
cartilage.
In the Gel group, the defects were filled with cal-
cium alginate gel only. At the 4th week, the bottom of
the defects was covered with partial gel-like tissue in-
completely with discernible edges. At the 8th week,
the tissue was tenacious and gray with clear margin.
At the 12th week, no substantial differences were de-
tected between the gel group and control group.
In the control group, the defects were filled with little
red, thin and soft fibrous connective tissue 4 weeks
after operation with the margin clearly defined. The de-
fects were mostly filled and covered by fibrous tissue
8-12 weeks after operation (Fig. 2).
Histological analysis
At the 4th week after operation, the defects in
gel and control groupswere umbilicate and covered with
some fibrous tissue superficially. Blood clots and fi-
brous tissue without metachromatic toluidine blue
stainning couldbeobserved.The defects inADSCsgroup
were filled with naive-chondrocyte-like cells and matrix.
The cells were small and aligned irregularly without typi-
cal cartilage lacuna. Metachromatic stainning of tolui-
dine blue for the matrix was not obvious and no poly-
nuclear inflammatory cells were found.
At the 8th week, the defects in gel and control groups
were covered with fibrous tissue which contained ripple-
like fibrilla. Naive chondrocyte-like cells and thick ma-
trix could be seen in repaired tissues of ADSCs group.
Many cartilage-like lacunas could be found and chon-
drocyte-like cells distributed irregularly. Metachromatic
stainning of toluidine blue of matrix was visible.
At the12th week, most of the defects in control group
were filled with thin fibrous tissue. In the Gel group,
most of the defects were filled with soft network formed
by alginate calcium gel without homogenous cells
deposition.The reparativecartilage-like tissue inADSCs
group was integrated with the adjacent normal cartilage.
Metachromatic stainning of toluidine blue of matrix was
more uniform than before (Fig. 3).
Transmission electron microscopic observation
The cells of ADSCs group were round or oval, with
irregular processes on the surface. Abundant rough en-
doplasmic reticulum and ribosomes were found in the
cells.
Statistical analysis
ADSCs group had a significant statistical difference
compared with gel and control groups (t=4.360, P<0.01)
at each time point. There was no difference between the
gel group and control group (t=1.928, P>0.01, Table 2).
Table 2 . Scores at different periods in different groups
(mean ± SD)
*P <0.01, compared with gel and control groups.
Groups Scores
4 weeks 8 weeks 12 weeks
Gel
Control
ADSC
12.67 ± 1.37
12.50 ± 1.05
6.17 ± 2.32*
11.67 ± 1.63
11.50 ± 1.76
4.17 ± 3.49*
10.17 ± 2.86
10.00 ± 2.53
2.67 ± 3.37*
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DISCUSSION
Arthritis-associated and injury-mediated cartilage
loss is a crucial medical problem with no effective treat-
ment currently. The repair of full-thickness cartilage
defects remains a challenging problem in orthopaedic
surgery. 4,5 Among the available options for cartilage re-
construction including subchondral bone drilling,
microfracture and alloplastic materials, each has their
own disadvantages.6-9 Autogenous chondrocytes can
heal the cartilage defect with hyaline-like cartilage,10,11
although the articular morbidity of the donor site and
the cost and risk of a second general anesthesia make
autogenous cartilage harvest undesirable.12
Tissue engineering is a multidisciplinary field of bio-
medical research that combines the fields of cellular
and molecular biology, cell and tissue culture
techniques, and material sciences to recreate tissue
for reconstruction and replacement therapy. The bone
marrow mesenchymal stem cells (BMSCs) have been
found and applied for tissue engineering, but their
harvest, culture, induction and transplantation are com-
plicated and the clinic results are generally not
satisfactory. ADSCs have similar differentiation capacity
to BMSCs and are easy to be harvested, amplified and
induced to multi-lineage cells. In this study, the cul-
tured ADSCs could be harvest easily and amplified
effectively, and also induced osteoblasts successfully
and showed differentiation potentiality. So there is the
Fig. 1. The cultured ADSCs in vitro. A: Hematoxylin and eosin staining of ADSCs, the seeded cells adhere to the plate in a morphology of
long-fusiform, triangle or polygon (×10). B: Oil red O and hematoxylin staining of ADSCs. Cytoplasm is not stained by oil red O (×40). C:
ADSCs- induced osteoblast lineage (von Kossa staining), black mineralized nodes can be found with Ag+ deposition (×40).
Fig. 2. Macroscopic view of the hyaline cartilage defects 12 weeks after operation. Most of the defects in gel group and control group
are filled with fibrous tissue. Reparative tissue in ADSCs group has similar colour and texture with normal articular cartilage, and the
margin between them is obscure.
Fig. 3. Microscopic view of the hyaline cartilage defects 12 weeks after operation. A: At the 12th week, the reconstructive cartilage-like
tissue in ADSCs group integrates with the adjacent normal cartilage (alcian blue, ×100). B: Many cartilage-like lacunas can be found and
chondrocyte-like cells distribute irregularly. In the bottom of the defects, large amounts of homogenous cells distribute evenly (HE, ×100).
C: In the Gel group, soft network formed by the alginate calcium can be seen in the defects without homogenous cells deposition (alcian
blue, ×100). D: In the control groups, few thin fibrous tissue fills in the bottom of the cartilage defects (alcian blue, ×100).
.  . Chinese Journal of Traumatology 2009; 12(2):92-97
evidence that ADSCs may be applicable for repair of
bone, cartilage and other musculoskeletal tissue.
WhenADSCs were cultured in chondrocyte-lineage
induction medium, they could express characteristic
molecules during chondrogenic differentiation namely
collagen type II, SOX9, cartilage oligomeric protein
(COMP) and cartilage-specific proteoglycan aggrecan.
Meanwhile, there was low level of synthesis of collagen
type X and decreased production of collagen type I dur-
ing induction in vitro and the formation of cartilaginous
tissue in vivo. The cells induced to form engineered
cartilage can maintain the stable phenotype and indi-
cate no signs of hypertrophy in 20 weeks in vivo.13 This
research also demonstrated that at the 12th week, re-
stored tissues of ADSCs group were cartilage-like and
abundant matrix couldbe foundunder transmissionelec-
tron microscopy.
Since the fact that the real physiological environ-
ment can affect the induced ADSCs after transplanta-
tion has not been confirmed, we propose that ADSCs
without induction can be directly applied to the joints,
avoiding unnecessary cost and tedious artificially in-
duced procedures.
In this study, ADSCs were transplanted to the car-
tilage defects directly together with alginate calcium
gel. The results were coincident basically with that of
previous studies14 despite the differences in model cre-
ation and evaluation methods, which indicates that in-
duction by a real-time endoenvironment has similar ef-
fects with that of artificial procedure.
Algin is a kind of linear polysaccharide components
that is extracted from thalassophyte and has a similar
structure with proteoglycan of cartilage matrix.15 Algi-
nate calcium gel of grid-like porus structure could be
formed after reaction of alginate with dianions such as
Ca2+, which is usually used as injectable scaffold ma-
terial for plomb of tissue defect or cell carrier for tissue
engineering.Alginate calcium gel decomposes into glu-
curonic acid and mannuronic acid through enzymolysis
in vivo. It has good biocompatibility and is not poison-
ous and immunogenic for organism. Former study has
shown that ADSCs grow well when they are induced to
chondrocytes in alginate calcium scaffold.16 In this
research, alginate calcium gel decomposed completely
in 4-8 weeks and no obvious inflammatory cell infiltra-
tion was observed.
Adipose tissue is abundant in vivo and could be har-
vested easily, which facilitates the isolation of ADSCs.
Furthermore, ADSCs are easy to be amplified and in-
duced to multi-lineage cells, so they are promising stro-
mal cells for tissue engineering to treat cartilage defect.
With the development of research and advance of re-
lated studies, the technique of inducing ADSCs to
chondrocytes will become mature and the results of
cartilage tissue engineering with ADSCs in vivo and in
vitro will surely be encouraging, presenting a new
method for cartilage defect. 14,16 In addition, further long-
term studies will be needed due to the short observing
time in this study.
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